Penetration of naphthaleneacetic acid through enzymatically isolated upper pear (Pyrus communis L. cv. Bartlett) leaf cuticle increased as the donor pH was decreased. Naphthaleneacetamide penetration was not influenced by donor pH. The effect of pH on naphthaleneacetic acid penetration was reversible. Higher receiver (simulated leaf interior) pH favored penetration of naphthaleneacetic acid. Changes in the degree of dissociation, and hence polarity, as controlled by hydrogen ion concentration was the prime factor in the response of naphthaleneacetic acid to pH. At pH values lower than the pK (4.2 for naphthaleneacetic acid), the molecule was primarily undissociated, lipophilic, and penetrated into the cuticle; whereas, at pH values above the pK naphthaleneacetic acid was ionized, hydrophilic, and penetrated the cuticle with difficulty or not at all. Data presented are consistent with the hypothesis that naphthaleneacetic acid and naphthaleneacetamide penetration through the cuticle takes place by diffusion.
Hydrogen ion concentration influences the biological activity of weak organic acid type plant growth regulators (4, 10, 16, 20) . Dolk and Thimann (6) showed that plant response to IAA was greater at low than at high pH, and Albaum et al. (1) demonstrated that IAA penetration into Nitella cells was greater at pH 4 than at pH 7. Subsequent work has confirmed these early observations (22) . Similar responses to pH have been reported for 2,4-D (3, 9, 17, 19, 21) . The effect of pH has been explained on the basis that at pH values below the pK undissociated molecules predominate and penetrate rapidly, whereas at high pH values most molecules are dissociated, and the dissociated ion penetrates with difficulty (3, 17, 18, 20) . Patten (15) , however, concluded that the state of dissociation of 2,4-D and NAA' had little influence on their penetration.
Most of the above reports were based on either a biological response or on data obtained using intact leaves. It is difficult, using such systems, to separate the effects of pH on the solute from those on the cuticle, or on subsequent uptake, movement, and degradation by the living components of the leaf. Cuticle 1This study was isolated from the living leaf tissue permits assessment of the effects of the experimental variable, including pH, not only on the solute, but also on the cuticular membrane independent of the effects of or on the leaf tissue (12) . Data are presented herein on the effects of pH on the penetration of NAA and NAAm through the cuticle, as derived by use of isolated astomatous pear leaf upper cuticle.
MATERIALS AND METHODS
Cuticle Isolation and Penetration Assay. The astomatous cuticular membrane from the upper surface of pear (Pyrus communis L. cv. Bartlett) leaves was isolated enzymatically using 2.0% pectinase and 0.1% cellulase buffered at pH 3.8 as previously described (11) . Discs of isolated cuticle were fixed to the end of a glass tube with buffered radioactive donor solution inside and with water or buffer on the outside as a receiver. Samples were withdrawn from the receiver, and the amount of radioactivity penetrated was determined using a Tracerlab thin end window gas flow counter. A detailed description is available elsewhere (12) . Naphthaleneacetic-1-"C (NAA-'4C) acid and naphthaleneacetamide-1-"4C (NAAm-14C) were used at 0.5 mM, 1.0 mc/mmole. Purity of the labeled auxins was confirmed by thin layer chromatography. Buffers were prepared according to Goromi (8) ; citrate-phosphate or acetic acid-sodium acetate were employed unless otherwise noted. Throughout this work, donor refers to the initial NAA-4C (or NAAm-"'C) solution from which penetration occurred, and receiver to the solution into which penetration took place during the course of the experiment. All data are presented as nmoles of chemical penetrated over a period of 48 hr.
Sorption Determination. Sorption was determined by submerging discs (12.8 mm diameter) of isolated cuticle in the appropriate buffered NAA-14C solution (0.1 mM, 1.0 mc/ mmole) for 15 min, washing the discs following procedures previously established (2), drying, and determining radioactivity. A time period of 15 min was chosen as previously shown to be less than that required for sorption equilibrium to become esablished at pH 4.2 (12) .
Partition into Chloroform. The relative lipid solubility of NAA as related to pH was established by partitioning NAA between chloroform and water buffered at various pH levels. Five milliliters of acetate buffered 0.5 mm NAA-"C solution (0.1 mc/mmole) were mechanically mixed with 5.0 ml of chloroform for 1 min (previously determined to be an adequate time) and allowed to stand for 24 hr, at which time samples were withdrawn from the two phases, dried in planchets. and the radioactivity was determined. Corrections were made for self-absorption due to the varying quantities of buffer.
Reversibility of the pH Effect. Two replicated sets of penetration cells were established at a donor pH of 3.2 and two sets at pH 6.2. The receiver was sampled at 12, 24, 36, and 48 hr, after which the pH of the donor was changed. Fifty microliters of a previously determined concentration of NaOH was added to each of the donor tubes originally at pH 3.2, raising the pH to 6.2, and HCI to the donor tubes originally at pH 6.2, Increasing the pH of the receiver solution, while holding the donor pH constant, enhanced NAA, but not NAAm, penetration through the cuticle (Table II) . Using a donor pH of 4.2, penetration of NAA was greatest at receiver pH of 7, and decreased as the hydrogen ion concentration was increased. The magnitude of this effect was less than when donor pH was varied. NAAm penetration showed no consistent change with varying receiver pH (Table II) .
Sorption. Sorption was high at pH 2.2 and 3.2 and progressively less with increasing pH (Table III) .
Partition. As the pH of the solution was increased, the amount of NAA that partitioned into chloroform decreased, being 98% at pH 2.2 but only 43% at pH 6.2 (Table IV) .
Reversibility of the pH Effect. The effect of pH on NAA penetration through the cuticle was fully reversible (Fig. 1) whereas in the undissociated state it is relatively nonpolar (low pH) and partitions freely into the cuticle. Most NAA molecules penetrating are believed to be in the undissociated form, and the pH influences the numbers in this state and hence penetration. This does not preclude the possibility that some ionized molecules penetrate through relatively polar regions in the cuticle.
Due to the high pK (approximately 14.0) of NAAm there would be no significant change in the degree of dissociation over the range of pH studied. Consequently, pH would not be expected to alter the lipid solubility characteristics and therefore not influence cuticular penetration. These data can also be interpreted to mean that the effect of pH is primarily on the penetrating molecule and that the hydrogen ion concentrations used did not alter the permeability of the cuticle.
The effect of receiver pH, which would simulate the internal leaf pH, can be explained on the basis of polarity of the penetrating molecule. NAAm showed no response, again presumably because it undergoes little change in dissocation. Based on the degree of ionization, NAA would be expected to accumulate more rapidly in a receiver at pH values above than below the pK. Most molecules penetrating the cuticle would become ionized at a pH above the pK and probably form the water soluble salt and, hence be less likely to partition back into the cuticle. Desorption from the cuticle may be less at a pH below the pK, and the desorbed molecules would be undissociated and could partition back into the cuticle. This would lead to a differential accumulation of NAA-14C in the receiver due to differences in pH (Table II) . Sargent (16) suggested that internal pH may be of importance in determining uptake of growth regulators by leaves: the above strongly supports this suggestion.
Sorption of 2, 4-D into cuticles increases with decreasing pH (13) . van Overbeek (20) and Sargent (16) have argued that such initial sorption may have no significance in determining the effect of pH on subsequent penetration. Sorption of NAA by pear leaf cuticle is greater at pH values below than above the pK (2). Thus, sorption and penetration show the same response to pH, suggesting that sorption into the cuticle may be an initial or an integral step in penetration. The influence of buffer ions was not specifically studied, but greater penetration was observed with citrate-phosphate buffer than with the acetic acid-sodium acetate buffer. This observation is consistent with others on the influence of anions on the biological response of plants to 2,4-D (14, 15, 19) . The above noted differences may reflect differential capacity of ions to compete for sorption and/or penetration sites. In the light of evidence presented here, we feel that Patten's (15) conclusion, based on bioassay data that penetration of biologically active acids (2,4-D and NAA) was completely independent of degree of dissociation, may not be valid.
Diffusion is generally considered to be the basic mechanism by which weak organic acid growth regulating chemicals penetrate the cuticle (7). This has recently been shown to be the case for NAA (12) . Our data are consistent with this hypothesis, and the rapid reversibility of the pH effect strongly indicates the physical nature of the process.
Sargent (16) argued that data for penetration obtained using isolated cuticle techniques is unlikely to be of value in explaining uptake of foliar applied chemicals. We have discussed (12) the advantages of using such techniques. These techniques have now provided confirmation of data obtained by bioassay or intact leaf methods on the influence of pH on penetration of weak organic acid growth regulators. Some of the evidence would be difficult to obtain, or at least very difficult to interpret. using any other method, as recently emphasized by Hull (10) . Data for the effect of receiver pH can be obtained effectively in no other way, and studies of the effects of low pH are difficult to interpret using living plant systems due to the effects of high hydrogen ion concentration on cell processes. We do emphasize, however, as noted elsewhere (2, 12) , that all data obtained by these methods must be viewed in light of having separated the cuticle from the underlying cells.
Relatively small changes in pH produce striking differences in penetration of NAA. Therefore, more attention than is frequently given should be paid to this factor in experiments involving organic molecules capable of dissociation. The significance of these findings, in terms of biological response and field applications of weak organic acid growth regulators, will be presented elsewhere.
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